DESCRIPTION 
DIAGNOSTIC APPARATUS AND METHOD 

Technical Field 

The present invention relates to a diagnostic apparatus for 
diagnosing/monitoring an operation and a state change etc. of a 
measurement object based on a measurement value obtained from the 
measurement object, and its method. 

Background Art 

For example. Patent Document 1 discloses a method of detecting 
a fault of a control system by using an operation model. 

However, operation models of diagnostic objects, such as 
operation models of apparatus each to be produced only by one or 
a small number and an apparatus being developed, may not be obtained. 

Accordingly, the method disclosed in Patent Document 1 cannot 
be applied to such the apparatus . 

[Patent Document 1] JP Publication of Unexamined Patent 
Application S57-041708 

Disclosure of the Invention 

[Problems to be solved by the Invention] 

The present invention has been made in view of the 
above-mentioned circumstances, and it is an object of the invention 



to provide a diagnostic apparatus capable of diagnosing/monitoring 
an operation and an state change or the like of a diagnosis object 
without using any operation models, and its method. 

It is another object of the present invention to provide a 
diagnostic apparatus to be easily applied to diagnosis of objects 
having large individual differences, for example, diagnosis objects 
produced only by a very small number or diagnosis objects being 
developed, and its method. 

[Means for solving the Problems] 

In order to achieve the above-mentioned object, according to 
the present invention, a diagnostic apparatus includes: validity 
determining means for determining whether a measurement value 
obtained by time-sequentially measuring a measurement object is 
valid; reference generating means for generating a diagnosis 
reference used for diagnosing the measurement object by using a 
measurement value determined to be valid each time the measurement 
value is determined to be valid; and diagnosing means for diagnosing 
the measurement object based on the generated diagnosis reference. 

Preferably, the diagnostic apparatus further includes state 
determining means for determining a state of the measurement object 
by using the measurement value determined to be valid, the measurement 
object changing among a plurality of states, in which the reference 
generating means generates the diagnosis reference according to 
the state of the measurement object. 
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Preferably, the diagnostic apparatus further includes state 
determining means for determining a state of the measurement object 
by using the measurement value determined to be valid, the measurement 
object changing among a plurality of states, in which the diagnosing 
means diagnoses the measurement object according to the state of 
the measurement object. 

Preferably, the validity determining means determines a 
measurement value obtained at timing other than predetermined timing, 
a measurement value inevitably containing an error when the 
measurement object is measured, and a measurement value taking a 
value outside a preset range, or a measurement value other than 
a combination of any one or more of the measurement values to be 
valid . 

Preferably, the reference generating means generates the 
diagnosis reference by statistically processing the measurement 
values of the kinds. 

Preferably, the diagnosing means determines the measurement 
object to be normal when the measurement value is within a 
predetermined range from a center value of the measurement values 
obtained by the statistic processing. 

Preferably, the diagnosing means determines the measurement 
object to be normal when the measurement value takes a value outside 
the predetermined range from the center value of the measurement 
values by a predetermined number of times or more and by a 
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predetermined frequency or more, or in a case other than one of 
these cases. 

Further, according to the present invention, a transport 
machine includes: transport means including a component to be a 
measurement object; validity determining means for determining 
whether a measurement value obtained by time-sequentially measuring 
a measurement object is valid; reference generating means for 
generating a diagnosis reference used for diagnosing the measurement 
object by using a measurement value determined to be valid each 
time the measurement value is determined to be valid; and diagnosing 
means for diagnosing the measurement object based on the generated 
diagnosis reference. 

Further, according to the present invention, a diagnostic 
method includes: determining whether a measurement value obtained 
by time-sequentially measuring a measurement object is valid; 
generating a diagnosis reference used for diagnosing the measurement 
object by using a measurement value determined to be valid each 
time the measurement value is determined to be valid; and diagnosing 
the measurement object based on the generated diagnosis reference. 

Further, according to the present invention, a program causes 
a computer to execute: a validity determining step of determining 
whether a measurement value obtained by time-sequentially measuring 
a measurement object is valid; a reference generating step of 
generating a diagnosis reference used for diagnosing the measurement 



object by using a measurement value determined to be valid each 
time the measurement value is determined to be valid; and a diagnosing 
step of diagnosing the measurement object based on the generated 
diagnosis reference. 

[Effects of the Invention] 

According to the diagnostic apparatus of the present invention 
and its method, it is possible to diagnose a diagnosis object without 
using any operation models. 

The diagnostic apparatus of the present invention and its 
method can be easily applied to diagnosis/monitoring of objects 
having large individual differences, for example, diagnosis objects 
produced only by a very small number or diagnosis objects being 
developed. 

Brief Description of the Drawings 

FIG. 1 is a diagram showing an operation diagnostic system 
according to the present invention. 

FIG. 2 is a diagram showing an example of a hardware 
configuration of a data collector and an operation diagnostic 
apparatus shown in FIG. 1. 

FIG . 3 is a diagram showing a data collection program operated 
on the data collector shown in FIGS. 1 and 2. 

FIG. 4 is a diagram showing a first operation diagnostic program 
operated on the operation diagnostic apparatus shown in FIGS. 1 
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and 2 . 

FIG. 5 is a diagram showing an example of a state of an engine 
(FIG. 1) . 

FIG. 6 is a flowchart showing an example of an operation (SIO) 
of a state management section of the first operation diagnostic 
program shown in FIG. 4. 

FIG . Visa diagram showing an example of timing of measurement 
data as a diagnosis object. 

FIG. 8 is a first diagram showing an example of diagnosis 
reference data generated by a statistic processing section shown 
in FIG. 4. 

FIG. 9 is a second diagram showing an example of diagnosis 
reference data generated by the statistic processing section shown 
in FIG. 4. 

FIG. 10 is a flowchart showing an overall operation (S14) of 
the operation diagnostic system when there is no transition between 
states in the engine (FIG. 1) . 

FIG. 11 is a flowchart showing an overall operation (S18) of 
the operation diagnostic system when there is transition between 
states in the engine (FIG. 1) . 

FIG. 12 is a diagram showing a structure of a second operation 
diagnostic program executed in place of the first operation 
diagnostic program shown in FIG. 4 in the operation diagnostic 
apparatus shown in FIGS. 1 and 2. 
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FIG. 13 is a flowchart showing an example of an operation (S20) 
of the state management section in the second operation diagnostic 
program shown in FIG. 4. 

FIG. 14 is a flowchart showing an overall operation (S24) of 
the operation diagnostic system when there is no transition between 
substates in each operation diagnostic section (FIG. 12) of the 
second operation diagnostic program. 

FIG. 15 is a flowchart showing an overall operation (S28) of 
the operation diagnostic system when transition occurs between 
states in each operation diagnostic section (FIG. 12) of the second 
operation diagnostic program. 

Best Modes for carrying out the Invention 

[First Embodiment] 

A first embodiment of the present invention will be described 

below . 

[Operation Diagnostic System 1] 

FIG. 1 is a diagram showing an operation diagnostic system 
1 according to the present invention. 

Substantially same components among components shown in the 

drawings will be denoted below by same reference numerals. 

As shown in FIG. 1, an operation diagnostic system 1 includes 
a data collector 3 and an operation diagnostic apparatus 4 connected 
via a wire or wireless data transmission line 22. 
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The operation diagnostic system 1 can be applied to various 
transport machines by mounting a sensor to a component such as an 
engine of an aircraft or a ship in addition to an automobile. For 
clearer and more specific explanation, a case of applying the 
operation diagnostic system 1 to the automobile will be described 
below as a specific example. 

The operation diagnostic system 1 can be applied to various 
purposes which need automatic operation diagnosis/automatic state 
monitoring, such as diagnosing as to whether an individual product 
operates normally, diagnosing as to whether generation of a desired 
chemical compound has been successful, and automatic abnormality 
monitoring of an inpatient in a medical field. For more specific 
and clearer explanation, a case of applying the operation diagnostic 
system 1 to diagnosis of an engine 26 of an automobile 20 will be 
described below as a specific example. 

Through those components, for example, the operation 
diagnostic system 1 is mounted to various parts of the engine 26 
of the automobile 20 to be diagnosed, and processes measurement 
data obtained from one or more sensors 24 for measuring a revolution 
speed, torque, a temperature, a fuel consumption amount of the engine 
26, atemperature/component of an exhaust gas, and the like to diagnose 
an operation or the like of the engine 26. 

[Hardware Configuration] 

FIG. 2 is a diagram showing an example of a hardware 
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configuration of the data collector 3 and the operation diagnostic 
apparatus 4 which are shown in FIG. 1. 

As shown in FIG. 2, the data collector 3 and the operation 
diagnostic apparatus 4 include a main body 100 including a CPU 102 
and a memory 104, an I/O unit 106 such as a LCD display unit and 
a keyboard etc., a communication unit 110 for performing mutual 
communication via the data transmission line 22, and a storage 112 
such as an HDD unit or a CD unit. 

Additionally, a sensor interface (sensor IF) 116 is added to 
the data collector 3 to provide an interface function between the 
sensors 24 mounted to the engine 26 (FIG. 1) and the main body 100. 

In other words, the data collector 3 and the operation 
diagnostic apparatus 4 have a configuration as a computer which 
has necessary functions such as a mutual communication function 
via the data transmission line 22. 
[Data Collection Program 30] 

FIG. 3 is a diagram showing a data collection program 30 operated 
on the data collector 3 shown in FIGS. 1 and 2. 

As shown in FIG. 3, the data collection program 30 includes 
a sensor control section 300 and a communication control section 
302. 

For example, the data collection program 30 is supplied to 
the data collector 3 via a storage medium 114, and loaded to a memory 
104 to be executed (the same holds true for each program hereinafter) . 
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In the data collection program 30, the data collection program 
30 controls the sensors 24 mounted to the engine 26 to read a 
measurement value periodically or according to polling from the 
operation diagnostic apparatus 4. 

The sensor control section 300 transmits the read measurement 
value as measurement data to the operation diagnostic apparatus 
4 via the communication control section 302 and the data transmission 
line 22. 

The communication control section 302 performs control 
necessary for communication with the operation diagnostic apparatus 
4. 

[Operation Diagnostic Program 40] 

FIG. 4 shows a first operation diagnostic program 40 operated 
on the operation diagnostic apparatus 4 shown in FIGS. 1 and 2. 

As shown in FIG. 4, the operation diagnostic program 40 includes 
a communication control section 400, a measurement data management 
section 402, a measurement database (measurement DB) 404, a state 
management section 406, a filter section 408, a diagnosis object 
data management section 412, a diagnosis object DB 414, a diagnostic 
section 416, a statistic processing section 420, a diagnosis result 
DB 424, an output filter section 426, and a user interface section 
(UI section) 428. 

The filter section 408, the operation diagnostic apparatus 
418, and the statistic processing section 420 respectively include 
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filter modes #1 (410-1) to #n (410-n), diagnostic modes #1 (418-1) 
to #n (418-n), and statistic processing modes #1 (422-1) to #n (422-n) 
corresponding to states #1 to #n described below with reference 
to FIG. 5. 

A plurality of components such as the filter modes 410-1 to 
410-n may collectively be abbreviated to a filter mode 410 below. 

In the drawings and their descriptions below, n will simply 
denote an integer of 1 or more (n is not always the same numeral) . 

Through these components, the operation diagnostic program 
40 processes the measurement data sent from the data collector 3 
to diagnose an operation or the like of the engine 26 (FIG. 1) . 

In the operation diagnostic program 40, the communication 
control section 40 controls communication with the data collector 
3. 

The measurement data management section 402 receives the 
measurement data from the data collector 3 to store and to manage 
the data in the measurement DB 404. 

The measurement data management section 402 outputs the 
measurement data stored in the measurement DB 404 to the state 
management section 406 and the filter section 408 when necessary. 

FIG. 5 is a diagram showing an example of a state of the engine 
26 (FIG. 1) . The state management section 406 determines which of 
states shown in FIG. 5 the engine 26 is in, and executes, depending 
on the state of the engine 26, switching among the filter mode 410 
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of the filter section 408, the diagnostic mode 418 of the diagnostic 
section 416, and the statistic processing mode 422 of the statistic 
processing section 420. 

As shown in FIG. 5, when operated on the automobile 20, the 
engine 26 has a plurality of states (states 1 to n; n > 2) such as 
idling, low-speed traveling, high-speed traveling, and 
decelerating . 

A State determined by the state management section 406 is a 
state only for diagnosis, and thus does not always match a state 
of the engine 26. 

The state management section 406 determines which of the states 
the operation of the engine 26 is in at this time based on the 
measurement data from the data collector 3. 

The state management section 406 controls the filter section 
408, the diagnostic section 416, and the statistic processing section 
420 to execute processing under operation conditions (filter mode 
410, diagnostic mode 418, and statistic processing mode 422) set 
for the operation state of the engine 26 which has been obtained 
as a determination result. 

Then, when new measurement data does not satisfy a transition 
condition to another state or when the new measurement data satisfies 
a condition (nontransition condition) of nontransition from the 
state to another state, the state management section 406 does not 
change the operation conditions of the filter section 408, the 
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diagnostic section 416, and the statistic processing section 420 
determining that the operation of the engine 26 is kept in the same 
state . 

Then, when the new measurement data satisfies the transition 
condition to another state, determining that the operation of the 
engine 26 has changed to another state, the state management section 
406 changes the operation conditions of the filter section 408, 
the diagnostic section 416, and the statistic processing section 
420 so as to execute processing under operation conditions set for 
the state after the transition. 

When the operation of the engine 26 is in another state and 
subsequent new measurement data satisfies a transition condition 
(return condition) to an original state, determining that the 
operation of the engine 26 has changed to the original state, the 
state management section 406 changes the operation conditions of 
the filter section 408, the diagnostic section 416, and the statistic 
processing section 420 so as to execute processing under operation 
conditions set for the original state. 

FIG. 6 is a flowchart showing an example of an operation (SIO) 
of the state management section 406 in the first operation diagnostic 
program 40 shown in FIG. 4. 

Takingaspecificexampleofacase shown inFIG. 6, theoperation 
of the state management section 406 will be further described. 

As shown in FIG. 6, in Step 100 (SlOO), the state management 
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section 406 determines whether to finish processing. 

The state management section 406 proceeds to processing of 
S102 in a case other than the case of finishing the processing. 

In Step 102 (S102), the state management section 406 determines 
whether the measurement data from the data collector 3 satisfies 
a transition condition (e.g., revolution speed and torque of the 
engine 26 are equal to or less than certain values) to a state 1 
(e.g., idling state). 

The state management section 406 proceeds to processing of 
S104 when the measurement data from the data collector 3 satisfies 
the transition condition to the state 1, and to processing of Step 
S118 otherwise. 

In Step 104 (S104), the state management section 406 determines 
that the engine 26 is in the state 1, and sets the filter section 
408, the diagnostic section 416, and the statistic processing section 
420 to operations conditions (filter mode 410-1, diagnostic mode 
418-1, and statistic processing mode 422-1) of the state 1. 

In Step 106 (S106), the state management section 406 determines 
whether the measurement data from the data collector 3 satisfies 
a transition condition (e.g., revolution speed and torque of the 
engine 26 become values within predetermined ranges) to a state 
2 (e.g., low-speed traveling state). 

The state management section 406 proceeds to processing of 
S108 when the measurement data from the data collector 3 satisfies 
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the transition condition to the state 2, and to processing of Step 
SllO otherwise. 

In Step 108 (S108), the state management section 406 determines 
that the engine 26 is in the state 2, and sets the filter section 
408, the diagnostic section 416, and the statistic processing section 
420 to operations conditions (filter mode 410-2, diagnostic mode 
418-2, and statistic processing mode 422-2) of the state 2. 

In Step 110 (SllO), the state management section 406 determines 
whether the measurement data from the data collector 3 satisfies 
a transition condition (e.g., revolution speed and torque of the 
engine 26 become values within predetermined ranges) to a state 
3 (e.g., high-speed traveling state). 

The state management section 406 proceeds to processing of 
S112 when the measurement data from the data collector 3 satisfies 
the transition condition to the state 3, and return to the processing 
of Step S104 otherwise. 

In Step 112 (S112), the state management section 406 determines 
that the engine 26 is in the state 3, and sets the filter section 
408, the diagnostic section 416, and the statistic processing section 
420 to operations conditions (filter mode 410-3, diagnostic mode 
418-3, and statistic processing mode 422-3) of the state 3. 

In Step 114 (S114), the state management section 406 determines 
whether the measurement data from the data collector 3 satisfies 
a transition condition (e.g., revolution speed and torque of the 
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engine 2 6 are inclined to be reduced) to a state 4 (e.g., decelerating 
state) . 

The state management section 406 proceeds to processing of 
S118 when the measurement data from the data collector 3 satisfies 
the transition condition to the state 4, and returns to the processing 
of Step S116 otherwise. 

In Step 116 (S116), the state management section 406 determines 
whether the processing of S114 has been executed after the processing 
of S108. 

The state management section 406 returns to the processing 
of S108 if the processing of S114 has been executed after the 
processing of SlOB, and to the processing of S112 otherwise. 

In Step 118 (S118), the state management section 406 determines 
that the engine 26 is in the state 4, and sets the filter section 
408, the diagnostic section 416, and the statistic processing section 
420 to operations conditions (filter mode 410-4, diagnostic mode 
418-4, and statistic processing mode 422-4) of the state 4. 

The filter section 408 (FIG. 4) filters the measurement data 
input from the measurement data management section 402 in the filter 
mode 410 set for each operation state of the engine 26 under control 
of the state management section 406 . 

The filter section 408 outputs the measurement data which has 
satisfied the filter mode 410 as diagnosis object data used for 
diagnosis to the diagnosis object data management section 412. 
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In the filter section 408, a filter mode 410 different from 
one state to another, or a filter mode 410 common among a plurality 
of states may be used (the same holds true for the diagnostic mode 
418 and the statistic processing mode 422) . 

The following items (1) to (4) can be cited as examples of 
the filter modes 410 (filtering conditions) : 

(1) kind of measurement data to be set as a diagnosis object; 

(2) range of measurement values determined to be normal and 
used for diagnosis; 

(3) removal of measurement data of a failed sensor 24 from 
measurement data to be used for diagnosis, when one of the sensors 
24 failing; and 

( 4 ) timing of measurement data to be set as a diagnosis object . 
FIG . Visa diagram showing an example of timing of measurement 

data as a diagnosis object. 

As shown in FIG. 7, the timing of the measurement data mentioned 
in the above-mentioned item (4) indicates that when the state 
management section 406 detects transition of an operation state 
of the engine 26 at given timing, the statistic processing section 
420 and the diagnostic section 416 do not set measurement data of 
its cycle as a statistic processing object or a diagnosis object 
but set measurement data of a subsequent m cycle (m>l) or a subsequent 
latest m cycle as a statistic processing object and a diagnosis 
object . 
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The cycle in this case includes, in addition to a cycle of 
measurement by the data collector 3, various cycles to be identified 
by the data collector 3 and the operation diagnostic apparatus 4 
such as a traveling cycle of the automobile 20 on a round course. 

Accordingly, for example, according to the filter mode 410 
set for each state of the engine 26, the filter section 408 sets 
a kind of measurement data to be diagnosed and within a range to 
be determined normal, which is not measurement data generated by 
the failed sensor 24 but measurement data obtained by predetermined 
timing, as diagnosis object data. 

The diagnosis object data management section 412 (FIG. 4) 
receives the diagnosis object data input from the filter section 
408, and stores and manages the data in the diagnosis object DB 
414 . 

The diagnosis object data management section 412 outputs the 
diagnosis object data stored in the diagnosis object DB 414 to the 
diagnostic section 416 and the statistic processing section 420. 

Under control of the state management section 406, by a 
statistic processing mode 422 set for each operation state of the 
engine 26, the statistic processing section 420 statistically 
processes the diagnosis object data input from the diagnosis object 
data management section 412, generates diagnosis reference data 
for each operation state of the engine 26, and outputs the diagnosis 
reference data to the diagnostic section 416. 
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In the statistic processing mode 422 of each operation state 
of the engine 26, setting is made as to statistic processing (least 
square method/distribution center of gravity) with respect to the 
diagnosis object data which should be executed by the statistic 
processing section 420, and a range in which measurement data is 
determined to be normal with respect to a center value obtained 
by the statistic processing, and the like. 

FIGS. 8 and 9 are first and second diagrams showing examples 
of diagnosis reference data generated by the statistic processing 
section 420 shown in FIG. 4. 

In other words, for example, according to conditions set for 
each state of the engine 26, the statistic processing section 420 
statistically processes two or more kinds of diagnosis object data 
(e.g., engine revolution speed and temperature), or one or more 
kinds of diagnosis object data (e.g., revolution speed) changed 
with time to obtain a center value indicated by a solid line in 
FIG. 8. 

Additionally, the statisticprocessing section 420 sets arange 
of errors with respect to the obtained center value as indicated 
by dotted lines in FIG. 8 according to the conditions set for each 
state of the engine 26. 

The statistic processing section 420 outputs the center value 
and the range of errors shown in FIG. 8 to the diagnostic section 
416, as diagnosis reference data. 
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For example, when diagnosis object data are not collected by 
a volume enough to be an object of statistic processing even after 
a passage of a designated cycle (e.g., m; FIG. 7), for example, 
when the engine 26 is in a special state, and many of measurement 
data are not set as diagnosis objects by the filter section 408, 
the statistic processing section 420 performs statistic processing 
for the first time after a sufficient volume of diagnosis object 
data is collected. 

Among the diagnosis reference data, all the ranges of errors 
set with respect to the center value do not need to be uniform. 
As shown in FIG. 9, ranges of errors may be set by methods different 
from one range to another . 

Under control of the state management section 406, by a 
diagnostic mode 418 set for each operation state of the engine 26, 
the diagnostic section 416 diagnoses the diagnosis object data input 
from the diagnosis object data management section 412 by using the 
diagnosis reference data (FIGS. 8 and 9) input from the statistic 
processing section 420, and stores and manages a diagnosis result 
in the diagnosis result DB 424. 

The diagnostic section 416 outputs the diagnosis result stored 
in the diagnosis result DB 424 to the UI section 428. 

In the diagnostic mode 418, upon determination of the number 
of times or a frequency with which the diagnosis object data becomes 
outside a normal range indicated by the diagnosis reference data, 
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the diagnostic section 416 diagnoses that the operation of the engine 
26 is abnormal (not normal) . Such data is set for each operation 
state of the engine 26. 

In other words, the diagnostic section 416 compares the 
diagnosis object data with the diagnosis reference data, and 
determines the operation of the engine 26 to be abnormal when the 
diagnosis object data is outside the range of errors (FIGS. 8 and 
9) indicated by the diagnosis reference data with the number of 
times or the frequency set for each state. 

The output filter section 426 further filters the diagnosis 
result output from the diagnostic section 416 to output the diagnosis 
result to the UI section 428. 

As examples of filtering by the output filter section 426, 
the following processes (1) and (2) can be cited. 

(1) When the same diagnosis result is continuously output from 
the diagnostic section 416 by a predetermined number of times, this 
diagnosis result is output as a correct result to the UI section 
428. Alternatively, 

( 2 ) When the same diagnosis result is output from the diagnostic 
section 416 at a predetermined frequency, this diagnosis result 
is output as a correct result to the UI section 428. 

The UI section 428 displays the filtered determination result 
input from the output filter section 426 in the I/O unit 106 (FIG. 
2) to show the filtered determination result input to a user. 
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The UI section 428 receives user's operation to the I/O unit 
106, and controls an operation of each component of the operation 
diagnostic program 40, or executes setting for the filter mode 410, 
the diagnostic mode 418, and the statistic processing mode 422. 

[Overall Operation] 

An overall operation of the operation diagnostic system 1 to 
which the first operation diagnostic program 40 is applied will 
be described below, 

FIG. 10 is a flowchart showing the overall operation (S14) 
of the operation diagnostic system 1 when there is no transition 
between states in the engine 26 (FIG. 1) . 

In the drawings below, a case of updating a diagnosis reference 
by m pieces of latest diagnosis object data will be descried as 
a specific example, and processing until collection of m pieces 
of first diagnosis object data will be omitted. 

In Step 140 (S140), the data collector 3 starts collecting 
various measurement values of the engine 26 (FIG. 1), and sequentially 
transmits the data as measurement data to the operation diagnostic 
apparatus 4 . 

In Step 142 (S142), the measurement data management section 
402 (FIG. 4) of the operation diagnostic program 40 determines whether 
new measurement data has been input. 

The operation diagnostic program 40 proceeds to S144 if the 
new measurement data has been input, but stays in the processing 

22 



of S142 otherwise. 

In Step 144 (S144), the filter section 408 filters the input 
measurement data. 

In Step 146 (S146), the diagnosis object data management 
section 412 determines whether the new measurement data has been 
employed as diagnosis object data. 

The operation diagnostic program 40 proceeds to S148 if the 
new measurement data has been employed as diagnosis object data, 
but to processing of S156 otherwise. 

In Step 148 (S148), the statistic processing section 420 
updates the diagnosis reference data (FIGS. 8 and 9) by using the 
new diagnosis object data. 

In Steps 150 and 152 (S150 and S152), the diagnostic section 
416 diagnoses the diagnosis object data based on the diagnosis 
reference data to determine whether conditions (e.g., diagnosis 
object data is outside a range of inhibited reference data with 
a predetermined number of times/f reguency ) for detecting 
abnormalities are satisfied. 

The operation diagnostic program 40 diagnoses the diagnosis 
object data, and proceeds to processing of S154 when the conditions 
for detecting abnormalities are satisfied, but to processing of 
S156 otherwise. 

In Step 154 (S154), the diagnostic section 416 displays an 
occurrence of an abnormality of the engine 26 and, as occasion demands, 
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the diagnosis result, the measurement data, the diagnosis object 
data, and the like to the user via the UI section 428 and the I/O 
unit 106 (FIG. 2) . 

In Step 156 (S156), the UI section 428 determines whether to 
finish the diagnosis. 

The operation diagnostic program 40 returns to the processing 
of S142 when the diagnosis is not finished. 

Next, the overall operation of the operation diagnostic system 
1 when transition between the states of the engine 26 is taken into 
consideration will be described. 

FIG. 11 is a flowchart showing the overall operation (S18) 
of the operation diagnostic system 1 when there is transition between 
the states of the engine 26 (FIG. 1) . 

Among steps shown in FIG. 11, steps substantially similar to 
those shown in FIG. 10 are denoted by similar reference numerals. 

As shown in FIG. 11, in Step 180 (S180), the state management 
section 406 determines whether transition (FIGS. 5 and 6) has occurred 
between the states of the engine 26. 

The operation diagnostic program 40 proceeds to processing 
of S182 if the transition (FIGS. 5 and 6) has occurred between the 
states of the engine 26, but to processing of S182 otherwise. 

In Step 182 (S182), the state management section 406 sets the 
filter section 408, the diagnostic section 416, and the statistic 
processing section 420 to perform processing under conditions 
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(filter mode 410, diagnostic mode 418, and statistic processing 
mode 422) set for the state of the transition destination. 

In Step 184 (S184), according to the set filter mode 410, the 
filter section 408 filters the input new measurement data. 

In Step 186 (S186) , according to the set statistic processing 
mode 422, the statistic processing section 420 generates diagnosis 
reference data. 

In Step 188 (S188), according to the set diagnosis mode 418, 
the diagnostic section 416 diagnoses the diagnosis object data. 

[Second Embodiment] 

A diagnostic apparatus capable of performing parallel 
operation diagnoses for the plurality of states shown in FIG. 5 
or the like according to a second embodiment of the present invention 
will be described below. 

To realize parallel diagnoses for the plurality of states, 
in the operation diagnostic apparatus 4 (FIGS. 1 and 2), a second 
operation diagnostic program 50 below is executed in place of the 
first operation diagnostic program 40 (FIG. 4) . 

[Operation Diagnostic Program 50] 

FIG . 12 is a diagram showing a structure of the second operation 

diagnostic program 50 executed in place of the first operation 
diagnostic program 40 shown in FIG. 4 in the operation diagnostic 
apparatus 4 shown in FIGS. 1 and 2. 

As shown in FIG. 12, for example, the operation diagnostic 
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program 50 includes operation diagnostic sections 52-1 to 52-n which 
are disposed for each state to be subjected to operation diagnosis, 
such as the states of the engine 26 shown in FIG. 5 or states separately 
defined for operation diagnosis and which are operated in parallel, 
and a UI section 428. 

Each operation diagnosis section 52 includes a communication 
control section 400, a measurement data management section 402, 
a measurement DB 404, a state management section 406 , a filter section 
408, a diagnosis object data management section 412, a diagnosis 
object DB 414, a diagnostic section 416, a statistic processing 
section 420, a diagnosis result DB 424, and an output filter section 
426. 

Through those components, the operation diagnostic program 
50 processes measurement data sent from the data collector 3 to 
simultaneously perform parallel operation diagnoses for the 
plurality of states. 

In the operation diagnostic section 52, which is different 
from the case of the first operation diagnostic program 40 (FIG. 
4), basically, a plurality of diagnostic modes or statistic 
processing modes are not set in the diagnostic section 416 or the 
statistic processing section 420, and no change occurs in operation 
conditions of the diagnostic section 416 or the statistic processing 
section 420. 

In each operation diagnostic section 52, for operation 
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diagnosis of each state, n pieces of substates are further defined. 
In the filter section 408, filter modes #1 (410-1) to #n (410-n) 
are set corresponding to those substates, and the state management 
section 406 manages state transition among the substates. 

Accordingly, when each of the plurality of operation diagnostic 
sections 52 operated in parallel is made to be able to perform 
operation diagnosis for each state, it is possible to define substates 
different among the plurality of operation diagnostic sections 52 
and conflicting substates, and to finely and flexibly perform 
operation diagnosis of the engine 26. 

As examples of substates defined for the operation diagnostic 
section 52, the followings (1) to (3) can be cited. 

(1) "STOP", "IDLE", "NORMAL TRAVELING" and "HIGH-SPEED 
TRAVELING" set as substates when the operation diagnostic section 
52 performs operation diagnosis for a state "TRAVELING" of the engine 
26. 

(2) "OIL LEVEL HIGH", "OIL LEVEL MIDDLE", and "OIL LEVEL LOW" 
set as substates when the operation diagnostic section 52 performs 
operation diagnosis for a state "HIGH-SPEED TRAVELING" of the engine 
26. 

(3) "OUTSIDE AIR TEMPERATURE HIGH", and "OUTSIDE AIR 
TEMPERATURE LOW" set as substates when the operation diagnostic 
section 52 performs operation diagnosis for a state "IDLING" of 
the engine 26. 
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Among operations of the components of the second operation 
diagnostic program 50, operations different from those of the first 
operation diagnostic program 40 will be described below. 

The operations of the components not described below are 
substantially similar between the first and second operation 
diagnostic programs 40 and 50. 

FIG. 13 is a flowchart showing an example of an operation (S20) 
of the state management section 406 in the second operation diagnostic 
program 50 shown in FIG. 4. 

In the second operation diagnostic program 50, the state 
management section 406 determines which of the above-mentioned 
substates the engine 26 or the like is in based on measurement data 
from the data collector 3, and switches the filter mode 410 of the 
filter section 408. 

With a case shown in FIG . 13 as a specific example, the operation 
of the state management section 406 will be further described. 

As shown in FIG. 13, in Step 200 (S200), the state management 
section 406 determines whether to finish processing. 

The state management section 406 proceeds to processing of 
S202 in a case other than the case of finishing the processing. 

InStep 202 (S202), the state management section 406 determines 
whether the measurement data from the data collector 3 satisfies 
transition conditions to a substate 1. 

The state management section 406 proceeds to processing of 
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S204 when the measurement data from the data collector 3 satisfies 
the transition conditions to the substate 1, but stays in the 
processing of S202 otherwise. 

In Step 204 (S204), the state management section 406 determines 
that the engine 26 or the like is in the substate 1, and sets the 
filter section 408 to an operation condition (filter mode 410-1) 
of the substate 1 . 

In Step 206 (S206), the state management section 406 determines 
whether the measurement data from the data collector 3 satisfies 
transition conditions to a substate 2. 

The state management section 406 proceeds to processing of 
S208 when the measurement data from the data collector 3 satisfies 
the transition conditions to the substate 2, but stays in the 
processing of S206 otherwise. 

In Step 208 (S208), the state management section 406 determines 
that the engine 26 or the like is in the substate 2, and sets the 
filter section 408 to an operation condition (filter mode 410-2) 
of the substate 2. 

Similarly in the following, the state management section 406 
determines transition conditions to the substate and executes 
processing accompanying transition to each substate. 

In Step 210 (S210), the state management section 406 determines 
whether the measurement data from the data collector 3 satisfies 
transition conditions to the substate n. 
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The state managements section 406 proceeds to processing of 
S212 when the measurement data from the data collector 3 satisfies 
the transition conditions to the substate n, but returns to the 
processing of S210 otherwise. 

In Step 212 (S212), the state management section 406 determines 
that the engine 26 is in a state n, and sets the filter section 
408 to an operation condition (filter mode 410-n) of the state n. 

Under control of the state management section 406, in the filter 
mode 410 set for each substate of the engine 26 or the like, the 
filter section 408 (FIG. 12) filters measurement data input from 
the measurement data management section 402. 

The filter section 408 outputs the measurement data, which 
has satisfied the filter mode 410, as diagnosis object data to be 
used for diagnosis to the diagnosis object data management section 
412. 

The statistic processing section 420 statistically processes 
the diagnosis object data input from the diagnosis object data 
management section 412, and generates diagnosis reference data (FIGS. 
8 and 9) for each operation state of the engine 26 to output the 
data to the diagnostic section 416. 

The diagnostic section 416 diagnoses the diagnosis object data 
input from the diagnosis object data management section 412 by using 
the diagnosis reference data (FIGS. 8 and 9) input from the statistic 
processing section 420, and stores and manages a diagnosis result 
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in the diagnosis result DB 424. 

The diagnostic section 416 outputs the diagnosis result stored 
in the diagnosis result DB 424 to the output filter section 426. 

[Overall Operation] 

Next, an overall operation of the operation diagnostic system 
1 to which the second operation diagnostic program 50 is applied 
will be described below. 

FIG. 14 is a flowchart showing the overall operation (S24) 
of the operation diagnostic system 1 when there is no transition 
between substates in each operation diagnostic section 52 (FIG. 
12) of the second operation diagnostic program 50. 

In the drawings below, as in the case of FIG. 10 or the like, 
a case of updating a diagnosis reference by using m pieces of latest 
diagnosis object data will be descried as a specific example, and 
processing until collection of m pieces of first diagnosis object 
data will be omitted. 

In Step 240 (S240), the data collector 3 starts collecting 
various measurement values of the engine 26 (FIG. 1), and sequentially 
transmits the values as measurement data to the operation diagnostic 
apparatus 4 . 

In Step 242 (S242), the measurement data management section 
402 (FIG. 4) of each operation diagnostic section 52 of the operation 
diagnostic program 50 determines whether new measurement data has 
been input . 
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Each operation diagnostic section 52 proceeds to S244 if the 
new measurement data has been input, but stays in the processing 
of S242 otherwise. 

In Step 244 (S244), the filter section 408 filters the input 
measurement data. 

In Step 246 (S246), the diagnosis object data management 
section 412 determines whether the new measurement data has been 
employed as diagnosis object data. 

The operation diagnostic section 52 proceeds to S248 if the 
new measurement data has been employed as diagnosis object data, 
but to processing of S256 otherwise. 

In Step 248 (S248), the statistic processing section 420 
updates the diagnosis reference data (FIGS. 8 and 9) by using the 
new diagnosis object data. 

In Steps 250 and 252 (S250 and S252), the diagnostic section 
416 diagnoses the diagnosis object data based on the diagnosis 
reference data to determine whether conditions for detecting 
abnormalities are satisfied. 

The operation diagnostic program 52 diagnoses the diagnosis 
object data, and proceeds to processing of S254 when the conditions 
for detecting abnormalities are satisfied, but to processing of 
S256 otherwise. 

In Step 254 (S254), the diagnostic section 416 displays an 
occurrence of an abnormality of the engine 26 and, as occasion demands, 
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the diagnosis result, the measurement data, the diagnosis object 
data, and the like to the user via the UI section 428 and the I/O 
unit 106 (FIG. 2) . 

In Step 256 (S256), the UI section 428 determines whether to 
finish the diagnosis. 

The operation diagnostic section 52 returns to the processing 
of S242 when the diagnosis is not finished. 

Next, the overall operation of the operation diagnostic system 
1 when transition occurs between substates in each operation 
diagnostic section 52 (FIG. 12) will be described. 

FIG. 15 is a flowchart showing the overall operation (S28) 
of the operation diagnostic system 1 when transition occurs between 
states in each operation diagnostic section 52 (FIG. 12) of the 
second operation diagnostic program 50. 

Among steps shown in FIG. 15, steps substantially similar to 
those shown in FIG. 14 are denoted by similar reference numerals. 

As shown in FIG. 15, in Step 280 (S280), the state management 
section 406 of each operation diagnostic section 52 determines 
whether transition has occurred between the substates. 

The operation diagnostic section 52 proceeds to processing 
of S282 if the transition has occurred between the substates, but 
to processing of S282 otherwise. 

In Step 282 (S282), the state management section 406 sets the 
filter section 408 to perform processing under conditions (filter 
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mode 410) set for the substate of the transition destination. 

In Step 284 (S284), according to the set filter mode 410, the 
filter section 408 filters the input new measurement data. 

In Step 286 (S286), the statistic processing section 420 
generates diagnosis reference data by using the new measurement 
value . 

In Step 288 (S288), the diagnostic section 416 diagnoses the 
diagnosis object data by using the generated diagnosis reference 
data. 

Industrial Applicability 

The present invention can be used for diagnosing and monitoring 
an operation or a state change of a measurement object based on 
a measurement value obtained from the measurement object. 
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